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tracture of palmar and plantar fascia first described in 1614 by E. Plater (1) and investigated in 1832 by Dupuytren (2) is morphologically characterized by heavy cell proliferation and destruction as well as rebuilding of fibre proteins (3) . In contrast to the large number of publications on the morphological changes of the tissue structure in Dupuytren disease, only a few papers have been published on the pathdbiochemistry of this disorder. They indicate an increased collagen and glycosaminoglycan content and metabolism of the afflicted tissue portions (4) (5) (6) (7) (8) .
Data from an earlier study performed in our laboratory on connective tissue demonstrated an increase in the activity of main metabolic pathway enzymes m Dupuytren tissue (11) . The enzyme activity pattern showed a similar distribution to that found in other connective tissues, with relatively high activities of phosphate transf erases. During the course of our investigation, Hoopes et al. published data on enzymes of glucose metabolism in Dupuytren contracture and the adjacent skin showing elevated activities in both these tissues (12) . The goal of the present study was the confirmation of our earlier results on a larger group of patients with Dupuytren contracture. Furthermore a comparative study of enzyme activities in cultured fibroblasts grown from normal palmar aponeurosis and Dupuytren contracture should reveal basic data for the interpretation of in-vitro experiments on the pathobiochemistry of connective tissue proliferation.
The enzymes 2 ) chosen for activity determination were lactate dehydrogenase representing glycolysis, glyceraldehyde-3-phosphate dehydrogenase for the EmbdenMeyerhof pathway, adenylate kinase, pyruvate kinase and 3-phosphoglycerate kinase as phosphate transfer enzymes, malate dehydrogenase and isocitrate dehydrogenase for the Krebs cycle, glucose-6-phosphate dehydrogenase for the hexose monophosphate shunt, glutamateoxalacetate transaminase, glutamate-pyruvate transaminase and glutamate dehydrogenase for amino acid metabolism, collagen peptidase and cathepsin B l representing collagen breakdown and 0-glucuronidase, a-N-acetyl-glucosaminidase, á-L-fucosidase, arylsulfatase for carbohydrate decomposition, and acid phosphatase.
Material and Methods

Tissue specimens
Tissue,, specimens were taken during surgery from patients aged 40-70 years suffering from Dupuytren's contracture of the hand. Normal aponeurosis specimens are obtained by autopsy within 24 h post mortem. The specimens were freed from adjacent tissue and blood, cut into small pieces and homogenized with an ultraturrax-homogenizer (Janke and Kunkel, Stauffen, Germany) at 4 °C in 0.15 mol/1 KC1,1 ml/1 Trition X 100 ten times for 15 minutes, followed by 30 minutes intermission to avoid an increase in temperature. The homogenate was extracted for 60 minutes by stirring at + 4 °C followed by a second homogenisation as above. The extract was cleared by centrifugation at 100000s for 30 minutes (Superspeed 50, MSB Ltd., London SW 1, England). The pellet was extracted by acetone for dry weight estimation and DNA assay. The biopsy specimens were macro scop ically examined and the nodular portions selected for the extraction and enzyme activity determinations (in the following referred to zsDupuytren's contracture). One part of these specimens underwent microscopic examination and could be characterized as cell-rich proliferating tissue (proliferating stage) . From suitable specimens thin unsuspected portions of biopsies were collected. They showed microscopically no or only slight proliferation (thin portion of Dupuytren's contracture) .
The reference group (palmar fascia) exhibited a normal microscopical tissue structure.
Enzyme activity determinations Enzyme activity determination was performed in triethanolamine buffer 50 mmol/1 and ethylenediamine tetraacetate (disodium salt) 3 mmol/1, pH 7.5 at 25 °C and measured at the appropriate wavelength in the Photometer Eppendorf (Eppendorf Ger tebau GmbH, Hamburg, Germany) 
(25).
Cell extract: cells are freed from culture flasks by pronase, washed with isotonic sodium chloride and resuspended in 0.15 mol/1 KCl containing 0.1 ml/1 Triton X 100 (27) and 2.5 mmol/1 ethylenediaminetetraacetate disodium salt. An aliquot of the suspension was taken for cell counting in the TOA cell counter (Colora Me technik Lorch, Germany). The remaining suspension was treated for 10 minutes by ultrasonic irradiation, centrifuged for 20 minutes at 100000£. The supernatant was used for enzyme activity determination and protein assay.
Results
Enzyme activity determinations in strong tissues such as palmar fascia depend as much on the method used to disrupt the tissue structure and to extract the homogenates as on the test conditions chosen for the activity assays. The methods applied in this study include the addition of triton X 100 to the extraction medium which resulted in extraction rates five times higher for lysosomal enzymes, while no effect in the yield of main metabolic enzymes could be observed. Triton X 100 did not interfere with the activity estimation of these enzymes. Repeated breakdown and extraction of the tissue specimens leads to a gain of less than 10% of the enzyme activities present in the first extract; only the first extract was taken for enzyme determinations in this study. The extraction of cultured fibroblasts is practically complete; after extraction, cell residues show no measurable activity of main metabolic pathway enzymes or lysosomal enzymes. For interpretation of the data on the enzyme activities in the different specimens, wet weight, dry weight, DNA phosphate dehydrogenase are much lower and are in the range of the lower limit of analytical accuracy. The enzyme patterns resemble those of other connective tissues such as tendon or cartilage ( fig. 2; (29), (30) ). The activities of lysosomal enzymes are two to three orders of magnitude lower than the activities of main metabolic pathway enzymes. In palmar fascia and Dupuytren's contracture the activities of cathepsin B l and acid phosphatase exceed those of other lysosomal enzymes. The absolute activities calculated on the wet weight basis of the specimens are two to three times higher in Dupuy trends contracture than in palmar fascia. The thin portion of Dupuy tren^ contracture is significantly different from Dupuytren's contracture and from palmar fascia with respect to the enzyme activities, whereas the proliferating stage does not differ from the total Dupuy trends contracture group but differs from the palmar fascia group. Calculated on the basis of DNA, the absolute activities for both lysosomal and main metabolic pathway enzymes are somewhat higher in palmar fascia than in Dupuy tren's contracture (tab. 3). Enzyme activities based on the glyceraldehyde-3-phosphate dehydrogenase activity show no statistically significant differences in specimens from Dupuy tren's contracture or palmar fascia (tab. 4, fig. 3 ).
The absolute activities as well as the enzyme activity distribution patterns of fibroblasts from palmar fascia and Dupuy tren's contracture are identical. In particular, the activities of lysosomal enzymes do not differ significantly between both strains of cultured fibroblasts. The activity distribution patterns (based on the activity of glyceraldehyde-3-phosphate dehydrogenase) of main metabolic pathway enzymes from fibroblasts and the respective tissue specimens from palmar fascia and Dupuy fren's contracture ( fig. 3 ) differ only slightly. While adenylate-kinase and pyruvate-kinase are lower, lactate dehydrogenase and glucose-6-phosphate dehydrogenase show a higher activity in fibroblasts than the corresponding tissue specimens (statistical significance see table 3 ). Due to the small number of samples of palmar fascia cell strains tested, the significance of these differences are less than those for Dupuy trends contracture tissue specimens and Dupuytren's contracture cell cultures. However, lysosomal enzyme activity patterns are different for tissue specimens and cultured fibroblasts. In general, the activities of these enzymes are higher in relation to the main metabolic pathway enzymes in tissue specimens than in the respective cultured fibroblasts. This is especially true for j3-glucuronidase and á-N-acetyl-glucosaminidase ( fig. 3 ).
A great difference in overall activities could be shown by comparing tissue enzymes with cultured fibroblast enzymes on the basis of the DNA content. Enzyme activities per g DNA are 10 to 50 times higher in fibro- blasts depending on the duration of the growth period and/or the density of fibroblasts in the cell layer ( fig. 4 , 5) . This applies to Dupuytren's contracture and Dupuytrens's contracture fibroblasts, and to palmar fascia . and palmar fascia fibroblasts. During the course of cell growth, enzyme activities and protein content of the cells decrease while the DNA content remains almost unchanged ( fig. 5 ). Enzyme activities closely correlate with the protein content of the cells (for lactate dehydrogenase/protein r = 0.91 for n = 24). 
Discussion
Since the tissue samples were homogeneous and the blood impurities negligible (0.01%), the possibility of falsification of the enzyme patterns by enzymes from other sources was excluded. However, due to the difficulties of equally disrupting strong connective tissue portions, the scatter of the results within the individual groups is relatively high. A mean of 90% of the total enzyme activities was extracted by the method applied in this study. On the other hand, fibroblast extraction leads to more precise results with smaller deviation from the mean. The latter can be achieved only when fibroblasts of the same cell density in culture are taken for extraction. The methodological scatter of the results partly explains the poor significance of differences between the groups for those enzymes with low activities in the tissues. For interpretation of the data on enzyme activities, the metabolic capacity of the respective tissue as well as that of the individual cell must be taken into consideration. The basis for a comparative interpretation should be first the wet weight, then the DNA content or the cell number. Extracted protein, however, did not prove to be a suitable reference in the tissues under investigation. The missing correlation between values for extracted protein and DNA content ( fig. 1) shows that, in addition to the metabolically active enzyme proteins, other proteins such as neutral salt-soluble collagen are extracted under the experimental conditions applied in this study. Due to the constant correlation of enzyme activities in different tissues, extractable enzyme proteins offer a further possibility of a reference system (31). For instance, glyceraldehyde-3-phosphate dehydrogenase as a key enzyme of glycolysis (32) could be used as reference for the comparison and interpretation of enzyme patterns of the specimen groups under discussion.
The data on the enzyme activities in palmar fascia and Dupuytren's contracture allow the conclusion that the higher metabolic activity of Dupuytrends contracture does not depend on changes in the enzymatic activities within the individual cell, but rather on the larger number of cells present in the diseased portions of the tissue, as seen in the morphological examination of the Dupuytren** contracture samples (3) . These findings are in agreement with the higher DNA content of the Dupuytren's contracture samples compared with palmar fascia specimens. However, the enzyme activities based on the DNA content are lower inDupuytren's contracture than in palmar fascia. These differences might be explained by a higher DNA content per cell in proliferating cells ofDupuytren's contracture compared to the nonproliferating cells in palmar fascia. On the other hand, preliminary experiments on main metabolic pathway enzyme activities in growing fibroblasts ( fig.' 5) showed a decrease in enzyme activity and protein content per cell of cultured fibroblasts with increasing age and density of cells. If cell density is the regulating factor for the activity of cell enzymes, the difference in enzyme activity per DNA (or cell) could be attributed to the isolated localisation of cells in palmar fascia in contrast to the proliferating cell clusters in Dupuytren's contracture (see below). fig. 3) . However, there are some distinct differences between enzyme activities in fibroblasts and the respective tissue specimens from which fibroblasts were derived ( fig. 3, tab. 3) , with respect to the overall activity and the relationship of the activities of lysosomal enzymes to those of main metabolic pathway enzymes. These differences very probably have a methodological basis. In the case of the tissue specimens, the extraction procedure includes the extracellular compartment, and this may contain varying relative quantities of individual secreted lysosomal enzyme proteins. However, the fibroblasts were isolated from the surrounding medium prior to the extraction. In this way the extracellular portion of the lysosomal enzyme activities was removed before activity determinations. Enzyme activity determinations in isolated cells offer the opportunity to distinguish between intracellular activity of lysosomal enzymes and the activity of the secreted enzyme proteins. When setting up cell culture experiments along with enzyme activity assays in tissue specimens, it should be possible to answer the question whether enzyme activities derive from the specific cells of the respective tissue or originate from other sources such as granulocytes or macrophages. No final explanation can be offered as to the differences in enzyme activity per g DNA between tissue and the respective cultured fibroblasts (fig. 4) . Experimental errors in DNA determination can be excluded since the respective data from tissue and cultured fibroblasts concur with those of the literature (12, 37) . The data on the dependence of enzyme activity upon cell density in cultured fibroblasts suggest a mechanism by which the enzyme activity is regulated by extracellular factors, such as cell to cell interaction or the state of extracellular matrix. Future studies must be performed to reveal more detailed information on this matter and prove the possibility of establishing similar data in in vivo systems of proliferating cells. For the present, it must be emphasized that work on the metabolism of fibroblasts, using cultured cells, should take into consideration the comparability of the state of cell growth and the density of the cells under investigation.
